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PRECIPITATING POLAR CAP PARTICLES DURING NORTHWARD IMF

H.-C. Yeh, N.C. Heinemann

Physics Department. Boston College, Chestnut Hill, MA 02167

M.S. Gussenhoven, D.A. Hardy and R.H. Redus

Air Force Geophysics Laboratory, Hanscom AFB MA 01731

ABSTRACT

We have studied the global features of high-latitude
precipitating particles during a fifteen hour period of stably
northward, toward sector interplanetary magnetic field (IMF).
Thirty passes of I 4SP precipitating electron and ion measure-
ments enabled us to examine the average polar cap particle
intensity, morphology and characteristic spectra. Large scale
regions of ion enhancement, with energy spectra similar to those
for boundary plasma sheet ions,.are associated with polar cap

arcs. The high latitude precipitation patterns for each
hemisphere are nearly mirror images, thereby shoving an IMF
sector (or By) dependence.

I. INTRODUCTION

When the IMF has a strongly northward component (+3z),
enhanced particle precipitation into the polar cap occurs and
characteristic precipitation patterns can be recognized. It is
important to our understanding of polar cap dynamics to relate
the source region and global features of the precipitating
particles to aspects of the solar vind-magnetosphere-lonosphere
coupling process. In this report we describe the DMSP observed
particle characteristics during a period of strongly positive
IMF Bz and negative IMF By. Asymmetrical features between the
polar hemispheres that indicate an IMF effect are examined.

The D$SP F6 and F7 satellites measure both precipitating

electrons and ions In the energy range 30 eV to 30 keV. Polar
cap precipitating electrons in the energy range of 50 eV to 20

key for similar IMF conditions have been discussed by Hardy
et al. [L). Here we focus on the precipitating ion structures
and the characteristics of simultaneously measured electrons
over the larger energy range.

We describe the environmental conditions under which

observations were made in Section It. In section III we
Identify large-scale features from the integral number flux,
integral energy flux and average spectral characteristics of the
precipitating ions and electrons for two consecutive passes over
the south pole and the north pole. In section IV we make
northern-southern hemisphere comparisons of the large-scale
features in the average precipitation patterns for various
magnetic local time sectors.

Scientific Publishers, Inc., Cambridge, MA 02139
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II. GEOMAGNETIC, IMF, AND SOLAR WIND CONDITIONS nt sifi
patte na

Prevailing conditions from 19 lIT, I November to 10 UT. associ te
precipi a

2 November 1984 are as follows: For the 15 hours of Interest
(with a data gap at 03-05 UT) each IMP component had a fixed cap arcs

polarity (+Bz, -By, +Bx). The magnitude of Bz Is persistently evening

large 0,10 nT). The ratio of Bz to By, except for the first and iof
hour varies from 1.5 to 5. The solar wind density is <15 C dera
tn/t and temperature is >1 05 OK. The solar wind speed ranges lectrons

inhanceme
from 400 to 500 km/s 12). The Kp index Is stable at 2- to 3-. emlspher

The Dst index shows that the period of interest occurs during senhov
the late recovery phase of a storm.

We assume that the similar IMP conditions which are seen sto

before and after the data gap from 03 to 05 UT on 2 November, se tion o

persist during the gap. This is reasonable since Kp is stable, of Ce315p
Dot is stable and 3 consecutive P6 images (not shown) from
before, during and after the gap are similar.

III. LARGE SCALE FEATURES OF PRECIPITATING PARTICLES

The observed particle precipitation is used to determine
large scale features and patterns, particularly, 1) the
equatorward boundaries of auroral electrons and ions; 2) the
boundaries between diffuse and discrete auroras; and 3) the
boundaries between discrete auroral electron precipitation and,.
low-intensity electron precipitation at the highest latitudes.
The boundaries are determined from the profiles of the integral
number flux (JTOT in electron/cm 2 -s-sr) and energy flux (JETOT
in keV/cm2 -s-sr) of precipitating electrons.

We illustrate the large-scale features found with the
electron and ion data from two consecutive south and north polar
passes of the F6 satellite on 2 November 1984 between 2:59 and
4:06 hours UT. Fig. I is a plot of electron (top) and ion
(bottom) JTOT and JETOT profiles for these passes. From left to.
right the F6 satellite travelled over the south pole (SP) from
dusk to dawn and continued over the north pole (NP) from dawn to
dusk. Arrow bars shown between electron and ion panels in
Fig. I indicate the approximate locations of various boundaries
that separate the electron JTOT pattern into 5 regions: (A) the Figu
evening diffuse aurora characterized by a uniform flux level and
of - 6x10 7 (electron /c=2 -s-sr); (B) the evening discrete aurora
with an average (though non-uniform) flux level of - 108; (C) the

the polar cap characterized by a low flux level of 4 107; (D) CU
2

the morning discrete aurora with an average flux level of - 108; c

and (E) the morning diffuse aurora with a constant flux level o

of , .5xO 8 . These boundaries also serve to characterize an
regions In the electro-JETOT and the iot-JTOT and -JETOT all
patterns c

Comparing the north pole electron JETOT pattern to the We
north pole DSP image, intense polar cap arcs occur on the I itude
morning side (Region D), which coincide with the second
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intensification of JTOT in the electron and ion precipitation
patterns at the high latitude portion of Region D. We also
associate the second high latitude block of electron and ion
precipitation in the south pole with polar cap arcs. The polar

/' cap arcs of the south pole, however, are most intense on the
evening side (Region B). The intensity level of both electron
and ion fluxes in the polar cap (Region C) in the north pole is
considerably lower (about an order of magnitude for the

es electrons) than it is in the south pole. The'preferred
enhancement in the south polar cap for -By is the same as the
hemisphere-selective enhancement of the polar rain flux found by
Gussinhoven et al. [3j. Additionally, we note in Fig. I that
the strongest ion precipitation is located in the equatorvard

en, section of the morning discrete aurora (Region D), independent
of hemisphere.

U1 Fiur 1 c.v~le of the Intgalnmerfu (T

.08 sou
.00

10

la'4

'to jTO00 030 sMi 9 SSO"00

WO"POz 0o S O 26"

h Fiue1 xmlsof the integral number flux CJTOT)

and energy flux (JETOT) of precipitating particles in
the south pole (SP) and north pole (NP). JTOT, in
(cm2 -s-sr) - 1 , and JETOT, in (keV/cm2 -s-sr) are plotted
as functions of universal time (UT) in (hours:minutes),
corrected geomagnetic latitude (MLAT). longitude (ML0N)
and magnetic local time (MLT) all projected to an
altitude of 110 km. Arrows mark large-scale regions of
characteristic precipitation.

We also examine the spectral characteristics in the high
latitude precipitation regions which show north-south pole

323
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asymmetry. Sample spectra from the north pole pass (right panel) IV. NO

in Fig. I are shown in Fig. 2 where we plot the electron (left)
and ion (right) distribution function (cm 6 sec 3 ) as a function Asynme
of energy (eV). The solid lines represent spectra from the electrons

poleward portion of the polar cap arc region (Region D). The sector h
dashed lines represent spectra from the central Region C. sector d ..

Clearly the spectra in the two regions differ. (Fig. 3) the

The electron energy spectrum associated with polar cap arc the 'orth r

can be described approximately as an accelerated-Maxwellian WeAssume

- distribution with a parallel electrostatic potential drop (o,) reversal
ame of - 0.5 V. The ion energy spectrum from the polar cap arc this d nde

region can be described as a drifting-Maxwellian distribution measu ments

with bulk energy (Eb) of 2 keV. South n he

The sample polar cap arc region spectra are tvpical of
spectra measured throughout the poleward portion of Region D
(dawn side) in the north pole, and the polevard portion of
Region B (dusk side) in the south pole. The 01 of electron
spectrum across the polar cap arc region varies form 0.3 to I kV,
while the Eb of ion spectrum ranges from 0.4 to 2 keV. The ion
spectra in the polar cap arc regions resemble the earthward
streaming ion spectra observed in the distant plasma sheet
boundary layer [4J. The small electron acceleration (01) and the
ion bulk motion (Eb) seen in the distribution functions would ,
suggest plasma sheet boundary layer as the possible source region

. of the precipitating particles.

:4 NORTHERN HEMISPHERE POLAR CAP

ELECTRONS IONS

-26 -21-
tl - BACKGROUN

-- POLAR CAP ARC

? -27 -22

0
- -25 , -23

-2

-30 - -25 ,

-~ Figu e 3.

0 500 1000 ISM 2000 0 1000 2000 4600 5-o 6000 part le
ENERGY (eV) versu MLiNRYV 

2 Nove be
Figure 2. Sample energy spectra at the highest sep ed
latitudes in the northern hemisphere during stable, is a pare
northward IT Bz.
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IV. NORTHERN HEMISPHERE-SOUTHERN HEMISPHERE COMPARISONS

Asymmetrical feattres of the polar region precipitating
electrons which strongly correlate with the polarity of the IMF
sector have previously been observed [5, 6]. To examine the IMF
sector dependence of the high latitude precipitation we compare
(Fig. 3) the average pattern of particle energy flux (JETOT) over
the northern hemisphere with that over the southern hemisphere.
We assume that the hemisphpre-dependence mainly results from the
reversal of the IMF By control and that the seasonal effect on
this dependence is insignificant. Combining the F6 and F7
measurements, there are 16 northern hemisphere passes and 14
southern hemisphere passes.

' / 5 L'?

, * /

I Ilk

Figure 3. Global distributions of the precipitating
particle energy flux (JETOT, in keVlc 2 -s-sr) in MLAT
versus MLT coordinates from 19 UT 1 November to 09 UTr
2 November 1984. The global patterns of JETOT are
separated by pole. Hemisphere-dependent asymmetry
is apparent in the JETOT patterns for MLAT •75°.
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Fig. 3 is a gray-scale plot of the levels of JETOT in MIAT 85o0 AT. a

versus MLT coordinates for each pole (south at top; north at pronoh ced c
bottom) and for each particle species (ions on the left; fl u JUnfor
electrons on the right). The 2.50 by 2.50 bin size accommodates sout ern hem
the small data set and reduces fine scale effects possibly polat cap ar
resulting from the slight variations of the IMF orientation, but discr'te aur
unfortunately also reduces the resolution of discrete particle Reelis
features and underestimates the magnitude .of the peak flux ionospheric
levels. nortur hem

The equatorward boundaries of the precipitating particles They found a
shown in Fig. 3 all fit fairly well a circle of 230 radius with disp aced to
the center offset 30 toward midnight. There is no large IMF -By. Th
difference between the electron and ion equatorward boundaries, clockwise ci
In the diffune aurora, just poleward of the equatorward boundary, polar convec
the northern hemisphere and southern hemisphere precipitation is With the lat
very similar. However, the electron energy flux is about a fou fo -B
factor of 20 higher than the Ion energy flux. con ectton r

Poleward of the diffuse aurora at >700 MIAT two hemisphere- suggests tha
selective features are clearly demonstrated in Fig. 3. The first the same de
is the morphology of the low intensity (polar cap) precipitation convection p

f region best seen in the ion plots. A U-shaped region which has a
larger latitudinal extent on the night side than on the dayside is
seen in both hemispheres. In the north pole, the low-intensity
ion precipitation region is approximately symmetrical with respect aa
to the noon-m.ldnight MLT meridian and occurs mostly on the night. satelit es d
side. The central location of the southern low-intensity ion and 4 stably

4 preripitation region, however, shifts about 50 off the noon- coherent pre
midnight MIT meridian toward dawn and extends further into the range. Two
dayside. found ak hig

The second hemisphere-dependent feature is most readily knon to\ha
seen in the electron plots (right panels of Fig. 3). Intense folt . Fi
electron energy flux (>108 keV/cm2 -s-sr) extends to latitudes as shov the a
high as > 850 In both hemispheres and is indicatLive uf for -By. In
persistent arc structures. The energy flux is generally symmetricall
stronger in the southern hemisphere than in the northern confined mos
hemisphere. hemisphere,

In the northern hemisphere, the location of the intense dayside ext
electron energy flux is in the dawn to prenoon MLT sector. The in t sauth
strongest, high latitude energy flux is between 800 to 850, and Sec nd,

05 to 10 KIT. Though somewhat smeared by the large bin size, ass ated
this structure is connected to the post-midnight aurora, because dawn half of
the 11 DMSP images for the same time interval show continuous southern he
arc structures emerging from the early MIT hours. Also the electrons an
brightest arc structure is skewed toward the dawn hemisphere, generally at
mnd little arc structure is seen in the dusk hemisphere. nor 't4yn hem

The intense energy flux pattern is very different in the of f~el-alI
southern hemisphere. The strongest high latitude electron energy electrons an
flux is now in the dusk to midnight sector and essentially suggest the
reaches the pole (_ 900). A second intense energy flux nightsIde pl
population is located in the 10-14 MIT sector between 750 and
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kT 850 MLAT, a typical location of the dayside cusp. There is no

pronounced connection between the two regions of intense energy
flux. Unfortunately, we do not have DHSP images from the
southern hemisphere (because it Is sunlit) to gee whether the

polar cap arcs in the dusk sector connect to the premidnight
dscrete aurora.

Heelis et al. [71 have examined the high-latitude
ionospheric convection patterns (mostly on the dayside) in the
northern hemisphere during periods of prolonged northward IUF.

They found a two-cell convection pattern with the dominant cell
h displaced toward dusk and with an anticlockwise circulation for

IMF -By. The dominant cell is displaced towards dawn and has
clockwise circulation for +By; we assume that this would be the

ry, polar convection pattern in the southern hemisphere for -By.
Is With the latter assumption, the intense polar cap precipitation

found for -By essentially occurs at the highest latitude sunward
convection regions in both hemispheres. This association

e- suggests that the location of the polar cap arcs would exhibit
ast the same dependence on IMF By as found by Heelis et al. of the
Lon convection pattern.
is a
le is V. CONCLUSIONS

-y
4 p t Examination of particle measurements from two DMSP

satellites during a prolonged period of strongly northward (+Bz)
and a stably toward sector (+Bx, -By) of the IMF has shown that
coherent precipitation patterns exist over wide MLAT-MLT spatial
range. Two hemisphere-dependent, large-scale structures are
found at high latitudes, which are consistent with the features
k -. to have an IF By dependence. These structures are as

follows: First, the polar cap low-energy population (Region C)
as shows the same hemispheric asymmetry as found for the polar rain

for -By. In the northern hemisphere, Region C is distributed
symmetrically with respect to the noon midnight meridian and
confinid mostly to the nights2'. Region C in the southern
hemisphere, however, is displaced toward dawn and has a larger

ia dayside extension. The intensity level of energy flux is higher
lhe in the south pole.
3n Second, the strongest high latitude particle precipitation

associated with polar cap arcs is seen preferentially in the

is dawn half of the northern hemisphere and in the dusk half of the
southern hemisphere. Again, the average energy fluxes of

the electrons and ions associated with the polar cap arcs are
re generally stronger In the southern hemisphere than in the

northern hemisphere. Furthermore, the consistent features found
of field-aligned acceleration associated with precipitating

er electrons and bulk motion associated with precipitating ions

suggest the connection of the polar cap arc region with the

nightside plasma sheet boundary layer.
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